It is shown that the excited states of hydrogen atom in a uniform electric field (Stark States) posses magnetic charge whose magnitude is given by a Dirac-Saha type relation:
Dirac [1] incorporated magnetic charge (monopole) in electrodynamics by introducing a string singularity in the vector potential and showed that its strength is given by the relation eḡ hc = n 2 , n = 1, 2, 3...
This relation was independently obtained by Saha [2] by quantizing the angular momentum of a two-body system consisting of a magnetic point charge and an electric point charge. Magnetic monopoles also occur in non-abelian gauge theories [3] . Although numerous experimental searches [4] have been undertaken to detect them, none have been found so far. In this note we show that it is possible to fabricate magnetically charged states from the excited states of the hydrogen atom by putting it in a uiform external electrostatic field and detect their magnetic charge by a simple experiment.
We shall work in the frame-work of an alternative approach [5] of incorporating magnetic charge in electrodynamics where a pseudo-vector potential (
) is introduced in addition to the usual vector potential ( A (e) , φ (e) ) without any string singularity. The electric and magnetic fields E and B are related to these two potentials as follows:
In this approach the Maxwell equations are:
where ρ (m) and J (m) are magnetic charge and current densities respectively.
We shall now construct ρ (m) and J (m) from the Stark status of non-relativistic hydrogen atom. The excited states are not eigenstates of the Parity operator and as such posses permanent electric dipole moment. These states are best characterized by parabolic quantum numbers, n, n 1 , n 2 and m. The electric and magnetic charge density operators can be written in terms of second quantized field operatorsψ n,n 1 ,n 2 (ξ, η, φ)
where ξ, η, φ are parabolic co-ordinates :
Here we have suppressed the quantum number n and m. It may be noted that since
the magnetic charge density is a pseudoscalar as it should be on account of (2b) and the electric charge density is a scalar. It may be noted that this magnetic charge has been fabricated from fieldsψ n 1 n 2 (ξ, η) which are governed by the Coulomb interaction between the electron and the proton in the presence of a uniform electrostatic field and can therefore be considered as an induced charge.
For the construction of the magnetic current density J (m) , it may be noted that it is an axial vector. The electric current density which is a polar vector is known to bê
We may therefore haveĴ
Their second quantized forms would be
where L is the angular momentum operator. The relation between e and g can be derived
by making use of the identity.
This expresses the fact that the permanent electric dipole moment normally constructed from ρ (e) ( r) can equally be constructed from J (m) ( r). The latter in alalogous to the definition of magnetic dipole moment in terms of electric current. It must be clarified at this moment that the magnetic dipole moment cannot be expressed in erms of the magnetic charge operator analogous to the normal definition of electric dipole moment in terms of electric charge operator. This is because whereas there are two equal but opposite electric point charges in the H-atom, no such magnetic entities exist. As stated earlier the latter is a kind of induced entity. The identity (10) can be proved by substituting ρ (e) ( r) and J (m) ( r) from static limits of (3a) and (3b) and then performing integration by parts. The surface integrals vanish at infinity since E occuring therein is generated by the atomic charge distribution which vanishes at infinity.
The z-component of the identify (10) expressed in parabolic co-ordinates reads as
Making use of the Stark wave functions
where
F(a,b,ρ) being confluent hypergeometric function, the identity (11) after evoluation of irregrals, becomes
where a 0 =h 2 me 2 is the Bohr radius of the ground state. From (14) we get the Dirac-Saha type relation
Magnetic charged states discussed above can be experimentally fabricated by passing selectively excited beam of hydrogen atoms through a region of uniform electrostatic field.
For convenience one can excite the atoms to the n = 2 state by absorption of a laser beam of λ = 2430A 0 which can be generated by frequency doubling of an intense dye laser beam at λ = 4860A 0 [6] . The two states of the beam with quantum numbers (n = 2, n 1 = 1, n 2 = 0, m = 0) and (n = 1, n 1 = 0, n 2 = 1, m = 0) possesing equal and opposite magnetic charges get bent in opposite directions due to the action of the electrostatic field analogous to that of a magnetic field on electric charged particles. The two separated magnetic charged beams can be passed through superconducting rings [4] causing flow of electric current therein which can be detected by SQUID (superconducting quantum interference device).
In view of the fact that the ground state ψ 0 of the hydrogen atom has no magnetic charge, it would appear that conservation of magnetic charge will be violated when the atom makes a radiative transition to (from) the ground state from (to) an excited state.
However, a closer analysis shows that this is not so. Due to interaction of the atom with the radiation field, the states acquire time dependence:
ψ n 1 n 2 (t) = Cos(w n 1 n 2 t) ψ n 1 n 2 (0) + Sin(w n 1 n 2 t) ψ 0 (0) ψ 0 (t) = Cos(w n 1 n 2 t) ψ 0 (0) − Sin(w n 1 n 2 t) ψ n 1 n 2 (0)
where w n 1 n 2 =< 0 | H int | n 1 n 2 >. It therefore follows that g n 1 n 2 (t) = g n 1 n 2 Cos 2 (w n 1 n 2 t) g 0 (t) = g n 1 n 2 Sin 2 (w n 1 n 2 t)
so that the sum g n 1 n 2 (t) + g 0 (t) = g n 1 n 2
remains constant.
